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SUBSONIC PRESSURE DISTRIBUTIONS AROUND A SOLID MODEL 

OFANINFLATABLEDECELERATORATTACHED 

TO THE BASE OF AN OGIVE-CYLINDER 

By James Wayne Sawyer 
Langley Research Center 

SUMMARY 

A wind-tunnel investigation was conducted at Mach numbers from 0.20 to 1.00 on a 
solid model of an  attached inflatable decelerator (AID) connected to the base of an ogive- 
cylinder. Tests were conducted to obtain ram-air  and surface pressure distributions 
about the AID. AID shapes derived for subsonic deployment a r e  dependent on the pres- 
sure  distributions used in  their derivation, and the different shapes obtained a r e  depend- 
ent on the Mach number for which the design is made. The experimental pressure dis- 
tributions were used in  a design program to obtain new shapes which were compared with 
the original pressure-distribution shape. 

The results indicated that a separated flow region exists i n  the a r e a  of the cylinder- 
AID intersection. However, downstream of the point where the flow reattaches to the AID, 
the surface pressure distributions are similar to those obtained without the ogive- cylinder 
forebody present. Ram-air pressures obtained over most of the front surface of the AID 
a r e  l e s s  than free-stream total pressure. 

INTRODUCTION 

The attached inflatable decelerator (AID) concept discussed in references 1 to 10 
has been considered for use on several  entry systems. One such system described in  
reference 11 has the AID attached to the base of an ogive-cylinder s tore  which may be 
launched from an aircraft  flying a t  subsonic or  low transonic speeds. After release df 
the store from the car r ie r  aircraft, the flexible AID (generally coated cloth) is deployed 
to reduce the s tore  speed and change the flight trajectory. 

Considerable design and development work has been done on the AID (see, for exam- 
ple, refs. 1 to lo),  but most of the work was done with the AID attached to a large angle 
conical forebody and with the primary emphasis on deployment at  supersonic speeds. 
During the investigation of reference 11, it became evident that additional surface- 
pressure data were needed to design an AID for deployment at low transonic speeds. 



Thus for subsequent use in the study of reference 11, the present investigation was con- 
ducted to obtain preliminary ram-air  and surface pressure distributions on a representa- 
tive AID shape at subsonic and transonic speeds. A solid sting-mounted pressure model 
of an A D  attached to the base of an ogive-cylinder was tested in the Langley 16-foot 
transonic tunnel. The resulting pressure distributions were used in the design program 
(described in ref. 2) to obtain f i r s t  generation AID shapes designed for deployment at sub- 
sonic and transonic speeds. A comparison is made between the resulting design shapes 
and the original shape for which the pressure distributions were obtained. 

Tests  were conducted a t  free-stream Mach numbers between 0.20 and 1.00 and cor- 
resppnding Reynolds numbers, based on the afterbody maximum diameter, from 2.25 X lo6 
to 6.90 x lo6. 

SYMBOLS 

CD pressure drag coefficient, 2 

surface pressure coefficient, 

pressure coefficient, front surface 

pressure coefficient, base 

ogive-cylinder length 

free-stream Mach number 

local surface pressure 

ram-air  pressure 

free-stream total pressure 

free- s t ream static pressure 

free-stream dynamic pressure 

Reynolds number based on 2rb 
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r radial coordinate (fig. 1) 

maximum radius of AID exclusive of burble fence (fig. l), 25.40 cm 'b 

maximum radius of burble fence (fig. l), l.lOrb 'bf 

rC radius of ogive-cylinder 

'i 
rb dimensionless inside radius, - or - 

'b 'bf 

X axial coordinate (fig. 1) 

X' axial coordinate measured from maximum radius of AID (fig. 7) 

MODELS, FACILITIES, AND TESTS 

Model 

A sketch of the pressure-distribution model is shown in figure 1. The forebody 
was an ogive-cylinder with a cylinder radius of O.llrb ('b is maximum radius of AID 
exclusive of burble fence and a length of 2.79rb. The forebody was constructed of alu- 
minum and machined to a finish smooth to the touch. The AID model and the burble fence 
had the same shapes as the ones used in the investigations of references 6 and 10 and 
were designed for deployment at a Mach number of 3.0. The solid model was constructed 
of cherry wood, impregnated with epoxy resin, and polished. The maximum radius of the 
burble fence was  l . l O r b ,  and i t s  leading edge w a s  0.045rb upstream of the maximum radius 
of the AID. A sting with a radius of O.lOrb was used to hold the model in  the tunnel. The 
AID and burble fence coordinates a r e  given in table I. 

indicated in  figure 1; the locations of the static and ram-air  pressure orifices a r e  l i i ted 
in tables I and 11, respectively. Static pressures  were measured at three stations on the 
forebody near its juncture with the afterbody, at 43 stations around the AID, and at 11 sta- 
tions around the burble fence. These orifices were located in a plane containing the 
model axis. Ram-air pressures  were measured at five stations along the AID at a dis- 
tance of 0.03rb above the surface. These orifices were staggered circumferentially to 
avoid mutual interference. 

) 

Static and ram-air  pressure orifices were installed in  the model at the locations 

3 



Facilities 

The present investigation was conducted in the Langley 16-foot transonic tunnel, 
which is a single-return continuous-flow wind tunnel operating at atmospheric stagnation 
pressure. The slotted octagonal test  section is 4.73 meters across  the flats and may be 
operated continuously at Mach numbers from approximately 0.2 to 1.3. Reference 12 con- 
tains a description of the tunnel and i t s  main drive system for Mach numbers below 1.10. 

The data acquistion system utilized in  this investigation consisted of three automatic 
pressure scanner units with 48 pressure channels in each unit. Each pressure scanner 
was connected to a strain-gage pressure transducer calibrated within *350 newtons per 
squar.e meter. All model pressures were recorded by operating each scanner unit at a 
scan rate  of two channels per second. The output from the transducers was recorded 
and reduced to coefficient form at the Langley central digital data recording facility. 

Tests 

Tests were conducted with the model oriented at Oo incidence with respect to the 
flow direction, and the Mach number was varied between 0.20 and 1.00. The test  proce- 
dure consisted of slowly increasing the tunnel velocity until the desired test Mach number 
was  reached. After the flow conditions had stabilized, the necessary data were taken and 
the Mach number was then increased to the next higher test  condition. This procedure 
was  repeated until the maximum Mach number was obtained; then a similar procedure 
was followed at a few check points as the Mach number was decreased. Data were taken 
a t  increasing Mach numbers of 0.20, 0.30, 0.40, 0.50, 0.60, 0.70, 0.80, 0.85, 0.90, 0.95, 
and 1.00, and the check points were made at decreasing Mach numbers of 0.80, 0.60, 0.40, 
and 0.20. The resulting Reynolds numbers, based on the maximum afterbody diameter 
(2rb), varied between 2.25 X lo6 and 6.90 X lo6,  as indicated by the curve shown in fig- 
ure  2. The Reynolds number for a given Mach number differed, depending on the direc- 
tion from which the test  condition was  approached. The variation in  Reynolds number 
results from a change in the temperature of the airstream with time during tunnel 
operation. 

RESULTS AND DISCUSSION 

Pressure-Distribution Tests 

All surface pressure coefficients and ram-air  pressure ratios obtained on the AID 
and the burble fence a r e  given in  tables I and 11. A typical surface-pressure-coefficient 
distribution for a free-stream Mach number of 0.70 is shown in figure 3, where the values 
of Cp a r e  represented by scaled arrows perpendicular to the configuration surface. 
Arrows pointing toward and away from the configuration surface indicate positive and 
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negative values of Cp, respectively. A relatively constant pressure-coefficient distribu- 
tion is obtained on a portion of the front of the AID and over the base. For  increasing 
AID radius outside the constant pressure region, the values of Cp first increase to a 
maximum value and then start to decrease. Downstream of the maximum Cp, the 
pressure-coefficient distribution follows a trend almost the same as that presented in  
reference 10 for  the same configuration and flow conditions but without the ogive-cylinder 
attached. The constant pressure region on the front portion of the AID and on its base 
a r e  indicative of separated flow. The separated flow region on the front portion of the 
AID is caused by an increase in  pressure resulting from the abrupt change in  surface 
contour at the juncture of the cylinder and the AID. 

The effect of varying the free-stream Mach number may be seen in  figure 4 where 
Cp is shown as a function of r/rb for each Mach number investigated. Data taken 
after approaching the Mach number from either a smaller o r  larger value a r e  presented 
for those Mach numbers for which both sets  of data were taken. The separated flow 
region at the juncture of the cylinder and the AID as determined by the distributions of 

Cp 
value of Cp (0.15 f r/rb 2 0.5 where it is further assumed the flow reattaches to the 

body. Variations in  the free-stream Mach number resulted in only slight changes in  the 
extent of the separated flow region which first decreased and then increased slightly with 
increasing Mach number. Increasing the free-stream Mach number also resulted in  
higher values of in  the separated flow region and at the point where the flow attaches 
to the AID. Downstream of the assumed flow attachment point the variations of Cp with 
r/rb and M, are similar to those presented in  reference 10 for the basic AID. Fig- 

ures  4(a), 4(c), 4(e), and 4(g) indicate that the data obtained when approaching the Mach 
number from a smaller value are in  good agreement with the data obtained when approach- 
ing the Mach number from a larger value; the only exception being at small  Mach numbers 
where slight differences are obtained in the 
at the cylinder-AID juncture. 

is assumed to cover the region from the edge of the cylinder out to the maximum 

) 

Cp 

Cp values near the separated flow region 

Ram-air pressure ratios a r e  shown in figure 5 as a function of r rb for selected 

Mach numbers throughout the range tested. The results indicate that ram-air  pressures  
obtained over most of the forward surface of the AID are less than free-stream total 
pressure. Lower values of p p are obtained for increasing Mach number and for 

decreasing values of r rb on the front of the AID. For the ram orifice located at 
approximately the edge of the separated region at the cylinder-afterbody juncture 

(r/rb = 0.505 a p pt value of 0.983 is obtained for a Mach number of 0.30 whereas a 

Fr/pt value of only 0.857 is obtained for a Mach number of 1.00. Reference 5 shows that 

a low internal pressure results in the AID taking a less  bluff shape and a consequent 

I 

4 
I 

)I r/ 
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degradation of the resulting drag coefficients. Thus, if  the AID is to be an efficient sub- 
sonic decelerator, the inlets must be located at large enough values of r r b  to insure 

adequate ram-air  pressures  which maintain the design shape. 
I 

Pressure  drag coefficients obtained by integration of the pressure distributions of 
figure 4 a r e  presented in  figure 6 for the AID with burble fence and for the burble fence 
alone as a function of free-stream Mach number. The results indicate that the CD V a l -  

ues for the AID with the burble fence increase monotonically with an increase in Mach 
number from a value of 0.49 at a Mach number of 0.20 to a value of 0.915 a t  a Mach num- 
ber  of 1.00. The curve for the burble fence alone represents the integrated drag coeffi- 
cients based on the projected frontal a r ea  of the burble fence. The burble fence is 
required for dynamic stability at certain subsonic Mach numbers, and the burble-fence 
drag coefficients a r e  needed in  the design program of reference 2. It is interesting to 
note that the burble-fence drag coefficient is highly dependent on Mach number at sub- 
sonic speeds. The CD values increase with increase in Mach number in  a manner 
similar to that noted for the afterbody with the fence attached. The CD values increase 
from a value of -0.14 at a Mach number of 0.20 to a value of 0.615 at a Mach number 
of 1.00. 

AID Shapes 

Since AID configurations a r e  constructed of a flexible fabric for normal application, 
the resulting AID shapes are dependent on the aerodynamic loading used in  their design. 
Thus, sample AID shapes were derived for the pressure distributions and the burble- 
fence drag coefficients obtained in  the experimental part  of this investigation by using the 
design program of reference 2 to examine the effects of varying flow conditions on the 
resulting AID shapes. Shapes were derived using a recovery pressure ratio p p 
of 1.0 and pressure distributions obtained at Mach numbers of 0.50, 0.85, and 1.00. These 
shapes a r e  shown in figure 7 along with the original shape around which the pressure dis- 
tributions were measured. The front surface of the resulting shapes are different, 
depending on the pressure distribution used in  their derivation. Thus it is important that 
pressure distributions obtained at the correct flow conditions be used in  designing AID 
shapes for subsonic deployment. The shape derived for the Mach 0.50 pressure distribu- 
tion is relatively bluff and has a large surface slope over much of its front surface. The 
shapes become progressively less bluff with increase in Mach number. The experimental 
pressure-distribution model shape differed from any of the derived shapes and generally 
fell between the shapes derived for Mach 0.85 and 1.00 pressure data. However, the sur-  
face slope slightly forward of the r 'b = 1.00 position is less  than for either of the other 

shapes presented. Since the new shapes derived by use of the experimental pressure dis- 
tributions are somewhat different from the shape about which the measurements were 

.I t 

/ 
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I made, the new shapes a r e  only approximately correct. However, the M, = 0.85 shape 
and the M, = 1.00 shape are not vastly different from the experimental-model shape 
and are believed to be sufficiently accurate for deployment application in this Mach num- 
ber region. More refined shapes could be obtained by measuring the pressure distribu- 
tions about the approximate shapes and using them to calculate more accurate shapes. 
This procedure could be repeated to obtain shapes to any refinement required. 

CONCLUSIONS 

A wind-tunnel investigation was conducted at a free-stream Mach number from 0.20 
to 1.00 on a solid model of an attached inflatable decelerator (AID) connected to the base 
of an ogive-cylinder. Tests were conducted to obtain ram-air  and surface pressure dis- 
tributions about the AID. 
program to obtain new shapes which were compared with the original pressure- 
distribution shape. 

I The resulting pressure distributions were used in a design 

The results indicated the following: 

1. The pressure-coefficient distributions indicate that a separated flow region 

stream of the point where the flow attaches to the AID, the surface pressure distributions 
a r e  similar to those obtained for the AID without the ogive-cylinder forebody. 

I 

I exists near the intersection of the cylinder and the forward surface of the AID. Down- 

2. A ratio of ram-air  pressure to free-stream total pressure as low as 0.857 is 
obtained near the middle of the front surface of the AID and increases to near 1.0 at  the 
maximum radius of the AID. Thus, i f  the AID is to be an efficient decelerator with a 
high drag coefficient at subsonic speeds, the inlets must be located at the AID periphery 
to obtain the internal pressure required to maintain the design shape. 

3. The drag coefficients for the AID increase monotonically with increasing Mach 
number from a value of 0.49 at a Mach number of 0.20 to a value of 0.915 at a Mach num- 
ber  of 1.00. 

4. Since AID shapes derived for subsonic deployment are dependent on the pressure 
distributions used in  their derivation, it is important that pressure distributions obtained 
at the correct flow conditions be used in  the design of the AID shapes. 

Langley Research Center, 
National Aeronautics and Space Administration, 

Hampton, Va., March 8, 1972. 
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TABLE I.- MODEL COORDINATES AND SURFACE PRESSURE COEFFICIENTS 

~ 7 

-0.219 
- a 1 1 9  
-.044 
-.OCO 
.oc7 
e026 
-1146 
e066 
. O E 7  
.1C9 
e124 
-136 

~ 1156 
. l e 7  

Orifice 

. 0.110 
- 1 1 0  
-110 
.110 
.150 
-201 
e 2 5 0  
e301 
- 3 5 0  
- 4 0 1  
.434 
.4bO 
-500 
.503 

-L. - 
2 
3 
4 
5 
6 

- - 7 _  - 
8 
9 

1 0  
1 1  
1 2  

1 4  
15 
16 
1 7  
1 8  

2 0  
2 1  
2 2  
2 3  
2 4  

26 
27 
2 8  
2 9  
30 

---3l - 
3 2  
33 
34 
3 5  
36 

- 31 
38 
3 9  
40 
41 
42  
4 3  
44 
45 
46 
47 
48 
4 9  
50 
5 1  
5 2  
5 3  
5 4  
5 5  
56 
57 

.-lL -~ 

~ _L9- 

-75.-_ 

-1889 
.7415 
5941 

e 4 7 0 C  
.3656 
.1752 

-.5086 
-e1194 
-e2935 
-.4153 
-e2391 
-.a522 
,1910 

-.3tC1 
-a3132 
- e 3 7 6 6  -. )e53 
-.3@79 
-.3187 
-a3164 
-e3758 -. 3519 
-e3331 
.5549 
. 5 4 3 2  
.5508 
.5762 

X/rb I r/rb 

.16@3 
-7455 
.6287 
.5cc9 
- 3 9 8 2  
.2021 
.0145 

-.09C5 
-.2127 
-e4000 
-.1962 

.0980 
. .1935 

-.3517 
- e 3 6 7 0  
- . ? 7 3 3  
-.36$2 
-.3743 
-.36@8 
-e1689 
-.?744 -. 3420 
- . 3 2 1 4  

. 5 7 6 3  

. 5 6 5 3  

.i657 

. 5 8 2 5  

.320 
-.351 
.358 
. 4 4 3  
.5c2 
.580 
- 6 2 4  

. -653 
-767 
e822 
e 8 1 4  
.933 
.913 
.9C9 

1.035 
1.047 
1.327 
.955 
.a21 

-220 - 6 2 3  
-251 ~ 6 7 6  
.,E5 I - 7 2 5  

.172 

.815 

.a51 

.a95 

.934 

.97c 
a 9 8 4  
-997 

1.OCO 
- 9 9 1  
-972 
. 934  
.a95 
e056 
e 7 7 2  
-675 
.5t5 
.425 
.330 

-.3645 
- a  3 105 
4 . 3 1 3 6  
-.3841 
-.3876 
- .39@6 
-.?724 
-.3$25 
-.3597 

-.3587 
- e  3743 
-.3021 
-.3899 
-e3881 
-e3838 
-.I3843 
-.38CO 
-.35C6 

.727 1.012 

.133 1.032 
, 7 4 1  I 1.052 

-057 
e078 
.1CC 
a122 
-222 
e 3 2 3  
. 5 c 5  

0.4985 0.5293 
-5004 -5257 
-5698 .58C8 
.5199 .5843 
- 5 6 4 0  -5616 
e5317 .5390 
,5417 ,5339 

-275 
-326 
-376 
e426 
-627 
-775 
,937 

.5tC5 
-6820 

.52C5 
e5329 
-5926 
et204 
e 5 4 1 0  
-1255 

-e4954 
.2044 
-2902 

-a1969 
-1.3996 
-1.7768 , 

-1.6569 
- a 5 0 2 8  
-.37?4 
-e3116 
-e3628 
-.3t9C 

- 7 1 5 4  
.lo32 
-7318 

, 5 3 3 )  
a5655 
.61C3 
6361 

.5649 
e1514 

-e4697 
.2248 
-3148 

-e  1012 
-1.2920 
-1.6495 
-1.3237 
-e4704 
-.3951 
-e3161 
-.36C2 
-.3643 

e7530 
-6 309 
-5666 
-4322 
-3352 
1445 
0426 

-.I701 
-.3481 
-.4695 
-e2571 
-.0274 
-2Ch9 

, e 5 6 5 6  
6600 
6 8 6 0  
6996 

-7496 
1792 

-7119 
.5853 
-4469 
3390 
1559 

-a C415 -. 1467 
-e3174 
-e4382 
- e 2 6 9 9  
.e194 
a1942 

e6079 -6276 
e5780 -5995 
,5521 .5728 
-550C 1 -5721 

.Oll6 
e 6 4 8 8  I 17181 

.5163 
.6570 .-IC?? 
-6252 

.5721 I .hlC2 
e1654 I -1923 

-a4588 -.4512 
.,?I95 
.3313 

-e0274 
-1.2C28 
-1.5321 

- . ? e 3 4  
-.4844 
-.3974 
-.3795 
-.3619 -. 3 5 9 3  

.2302 
- 3 5 4 2  . c453 

-1.1319 
- 1 . 4 Q Q 6  -. 7CCS 

-.4681 -. 3$71 
-.3669 
-.3563 
-.?461 

M, = 0.60 - 
0.5785 
-5 860 
. 5 5 8 3  
e6612 
. 6 2 M  
-6023 
.6 005 
.6212 
-6593 
.7722 
.7746 
.7943 
.E248 
.7852 
-6710 
.5470 
- 4 4 8 1  
- 2  541 
-0592 

-a0496 -. 2392 
-a3665 
-.1236 
-1650 
-2198 

-. 3228 -. 3428 -. 3504 
-.35?9 -. 3618 
-.3551 -. 3534 
-.3493 
- e  3321 -. 3114 
.5993 
.5a28 
.5 866 
6099 

.6499 
-7089 
-6547 
-2373 

-.4226 
-2503 
e3838 
- 1 6 3 4  

-.9883 
-1.5272 
-.5754 
- a 4 3 0 8  -. 3706 
-.3563 -. 3470 -. 3390 
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TABLE I.- MODEL COORDINATES AND SURFACE PRESSURE COEFFICIENTS - Continued 

M, = 0.90 

0-699L 
.1119 
.7666 

,7484 
- 7 2 4 9  

,3157 
,7275 

. B l b l  

,8846 
, 9 2 w  
,9446 
,8658 
J b 1 1  
- 6 7 0 2  
.45@9 
,3212 

- a 0 0 5 9  
- e 1 5 1 0  

,3840 
2 9 1 1 - _  

. i66a 

,7706 

-8481 

.?999 

, 2 1 8 4  

-.3035 
- a 3 1 7 4  
- e 3 2 2 7  
-*3224_ .. 
- a 3 2 1 4  
- a  3 2 5 1  
- .?233 
- .3160 
-.3020 
- a 2 9 0 1  

.1260 
- 7 1 6 6  
e 7 1 4 1  
- 7 2 3 7  
.748O 
-79911 
.E273 
- 4 8 7 3  

- e 1 9 5 9  
.4231 
.5525 
,4888 

- e 2 1 1 8  
- e 7 4 6 1  
-.445D -. 36CO 

- e 3 2 2 2  
- .?194 
- .3136 

- . 3 3 ~ 3  

Orifice r M, = 0.95 

. 0 , 2 3 1 1  
~ ,7487 

.1975 

,7752 
.1565 - l a  
- 1 5 7 6  

.E306 

* 9 Q C b  

.9601 
-902% 
,8066 
,1174 
,5531- 

-- L 1 7 C  

,aozo 

.Eo08 

, a z 5 8 -  

--.94LL 

. z 5 5 a  

.2a5a 

- 0 5 1 1  
- a 0 9 9 6  

.43u 
~ 

-.29aa 
- a 3 1 3 5  
- a 3 1 9 7  
. - A 3 2 E L  

- a 3 2 2 9  -. 3 2 0 8  
- .3196 
- a 3 2 0 4  
- e 3 0 5 5  

- 7 5 8 1  
- 7 4 7 8  
-7452 
a 1 5 5 5  
- 7 8 2 1  
a0299 
.a715 
.5398 

- . 1 4 2 3  
e 4 7 1 6  

5 952  
,5442 

- e 1 1 9 5  
- e 6 3 0 0  
-*mP 
- a 3 5 3 0  

- a 3 1 9 1  
- e 3 1 4 2  
- e 3 0 9 7  

~~ -*LpLp 

-.324a 

I i  

34  
35  
3 6  
3 1  
38  
3 9  
4 0  
4 1  
4 2  
4 3  
4 4  
4 5  
46 
4 7  
4 8  
49  
5 0  
5 1  
5 2  
5 3  
5 4  
5 5  
56  
5 7  

c 

7 
8 
9 

1 0  
1 1  
1 2  
1 3  
1 4  
15 
16 
1 1  
1 8  
1 9  
2 0  
2 1  
2 2  
2 3  
2 4  
2 5  
2 6  
2 7  
2R 
2 9  
3 0  
31 I :: 

- 
X h b  - 
0.219 
- a 1 1 9  
-.044 
- .3co 

.3c7 
e 9 2 6  
- 3 4 6  
.Ob6 
.C87 
.153 
- 1 2 4  
a 1 2 6  
. l i 6  

.22J 
. Z E l  
.2E5 
,320 
.3!7 
. 3 r e  
.4'3 
.532 
.5@0 
.624 
.hS3 
.761 
.922 
.a74 
.973 
- 9 7 3  
.9c9 

1.525 
L.341 
1.027 

.955 
- 8 2 1  
. 6 C 4  
.3;8 
.C!l 
. c 5 1  
.C7@ 
.1CO 
. l i 2  
. 2 i 2  
- 3 2 3  
.5.5 
.7il 
.1?3 
.141 
. 1 5 F  
. 7 7 @  
.799 
.9?3 
.8C4 
. a t 8  
.9CO 
.8CO 

. l e 7  

- 

- 
+b - 

3.110 
.110 
.I10 
. l l O  
- 1 5 0  
.201 
-253 
.301 
.35c 
. 4 C l  
.434 
.46C 
.5OC 
. 5 t  2 
- 6 2 3  
-616 
- 7 2  5 
.112 
.81 c 
- 8 5 7  
.a95 
.934 
.97c 
.984 
,997 

1. OCO 
.Fa1 
.912 
.934 
.a95 
.85b 
.172  
.615 
. 5 t 5  
- 4 2 5  
.3@0 
- 2 2 5  
.17c  
- 2 2 5  
- 2 7 5  
.326 
.375  
.42 6 
- 6 2 7  
- 7 7 5  
.9?1 

1.012 
1.032 
! .050 
1.073 
1.067 
1.095 
L.C59 
1.cso 
1.07C 
1.030 
1.000 

M, = 0.70 

0.6098 
.t118 
e 6 1 5 3  
.6844 
-6574 
- 6 3 2 7  
cb2Cl 
- 6 6 2 1  
- 7 3 4 3  
.80C6 
.E548 
- 8 5 6 9  
.3i7C 
.E389 
- 7 2 4 3  
.6364 
.5092 
.3192 
,1289 
- 0 1 4 5  

-.3056 
-.C.?25 

- 2 3 0 0  
,2438 

- 

- .17ai  

-.3399 
-.3265 
-.3336 
- ,3170 -. 3 3 0 9  
- .?364 
- .3360 
- e 3 3 4 6  
- .?190 
-.3C67 

- 6 3 0 4  
~ 6 2 0 1  
- 6 1 9 3  
. t 2 8 9  
- 6 5 9 8  
- 7 1 8 3  
- 6 9 3 1  
.3059 

-.3536 
.2912 
- 4 3 1 2  
.i749 

- .1:49 
-1.3259 

-.5513 
- .3911 
- .3415 
- .3311 
- .?254 -. 3 2 0 1  

YI, = 0.80 

0.6560 
-6642  
- 7 2 4 6  
-12 52 
- 6 3 7 0  
- 6 7 3 3  . h 6 6 a  
- 6 8 9 7  
- 7 3 4 5  
.7921 
,8317 
,8722 
.9 051 
.a711 
.7868 
-6814  
.5954 
- 4 0 3 2  
- 2 1 6 9  
e C 9 4 1  

- . lo40  
-.2364 

.C986 
- 3 0 4 8  
. v2a  

-.3039 
-.3198 
- .326l  
- 2 2 7 4  
-.3248 
-.3314 -. 3325 
-.330C 
-.3133 
-.2984 

.6745 
,6658 
.66C6 
.6130 
e 6 9 2 0  
- 7 4 4 2  
- 7 7 0 5  
e 3 9 1 3  

-.2831 
.3416 
.4821 
,3903 

-.4403 
-1.0034 
-.+e71 
-.3143 
-.3349 
- e 3 2 5 3  
- e  3 1 9 5  
-.3185 

CP 
M, = 0.85 

0,6?68 
. 68C8  
.7370 
- 7 3 9 9  
.7155 
.6441 
d 8 6 7 -  
,7001 
,7567 
-8001 
- 8 4 9 5  
- 9 8 5 3  
1 9 1 5 6  
- 9 1 6 9  
- 8 2 5 3  
- 7 1 0 6  
- 6 2 5 8  
.44Bt  
- 2 6 2 6  
- 1 4 1 7  

-.0612 -. 1 9 9 1  
.1585 
- 3 4 2 2  
A516 - 

-.3015 
- .3117 
-.3266 
-A305 
-.3315 
-.3250 
- e 3 2 3 1  
- .3228 
-.3C30 
- a 2 9 3 2  

- 5 9 6 2  
. b e l 9  
- 6 8 4 6  
.6899 
.1211 
.1110 
- 7 8 9 9  
.4345 

-.2408 
- 3 8 1 1  
- 5 1 5 9  
, 4 3 5 1  

- e 3 2 6 3  
- .a731 
-.4583 
- . 3 t l 1  
-.3349 
-.329C 
- e 3 2 1 7  
- .3112 
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TABLE I.- MODEL COORDINATES AND SURFACE PRESSURE COEFFICIENTS - Concluded 

1 
2 
3 
4 
5 
b 
7 
A 
9 

1 5  
1 1  
1 2  
1 3  
1 4  
1 5  
l b  
1 7  
1 9  
19 
2 e  
? I  
22  
2 3  
2 4  
2 5  
2 6  
2 7  
2 8  
2 9  
3 0  
? I  
3 2  
3 3  
3 4  
3 5  
3 6  
3 7  
3 3  
3 7  
4 c  
4 1  
4:  
4 3  
4 4  
4 5  
4 b  
47 
4 8  
4 9  
5 0  
5 1  
5 2  
c 3  
5 4  
5 5  
5 6  
5 7  

-0.219 
-.1?9 -. 0 4 4  
-.,IC0 

.c:b 

.oc 6 

. 1 19 
1 2 4  
135 

.1r7 

2 iC 
.7'7 
.3C8 
. 4 4 3  
.? - 2  
.5c: 
,624  
.5= 3 

..̂  

.9713 
- 5 7 3  
.959 

1.025 
i .347  
1.'3?7 

.955 

.a: i 
6 94  

. 3 ! 9  

.377 

.357 

. 3 7 8  

.1co 

.1'2 

. 2 2 ?  
, 2 2 3  
.5;'5 
.727 
.733 
,741  
.73R 
- 7 7 8  

7 c 9  
.3'3 
. 9 c 4  
. R P I  
.9c3 . s c o  

0.110 
. l l O  
.110 . 11 2 
.15c 
.2C'l 
.i55 
.30 i 
.35c  
.4Ci 
.434 
.46C 
. 5 c c  
, 5 6 3  
,c; 3 
. 6 7 t  
. 7 i  5 
.772 
- 8 1 5  . d 5 1  . A S 5  
. 9 3 4  
.07c 
.984  
.997 

1. coo 
.941 
- 9 7 2  
.934 
.e9 c 
.856 
.77i . 6 7 5  
, 5 6 5  
.425 
.3!?0 
.225 
.175 
.E25 
.275 
. 3 2 t  
.376 
- 4 2 6  . b 2 7  
.775 
.9? 7 

1.012 
1.032 
i .050  
1.073 
1.CF7 
1.045 
1.099 
1.096 
1.07c 
! .C2G 
l . O C c !  

M, = 1.0( 

0.7741 
- 7 8 4 1  
- 8 3 2 4  
.E326 
. tC85 
.7d92 
- 7 7 9 2  
.7q:o 
. & 2 R b  
.a774 
.1259 
-9380 
. c 3 5 1  
.9850 
.0348 
- 6 4 6  5 

. bC bb 
- 4 3 5 2  
- 3 1 4 3  
. I 1 2 0  

-.c 152  
.344c  
. 4 € 2 7  
.45CO 

7 Q c 6  

-.3379 
-.3555 
- . 3639  
-.3u66 
-.3 564 
- .3633 
-.?629 
-.36C7 
-.3'?5c 
-.i?89 

.7$14 

.7b15 
.7788 
. 7 R b 9  
.a101 
. @ j B 9  
.5148 
, 5 9 1 2  

-.C795 
.5117 
.bj79 
.5956 

- . i ? b b  
- A 2 2 4  

-.3315 
-.3664 
- e 3 6 1 7  
- . 3 5 6 9  
-.3519 

-.4e50 

M, = 0.80 

0.6426 
e 6 5 8 5  
- 7 1 6 9  
- 7 2 3 6  
- 6 9 0 3  
, 6 7 0 6  
- 6 6 3 6  
- 6 8 2 2  
- 1 2 4 4  
- 7 8 8 2  
,8292 

@52C 

.E805 
- 7 9 5 3  
-6965 

5 8 6 8  
- 4 0 9 7  
- 2 2 7 0  

1 0 2 9  -. 1 0 0 5  
- . 2 2 t 9  

.C398 
3C81 

e 3 2 3 4  

-. 3 0 8 0  
- a 3 2 5 3  
-.3329 
- e 3 3 5 7  
-.34c3 
- a 3 3 6 1  
- e 3 3 1 5  
-.334,3 
- e 3 1 3 6  
- e 2 9 7 5  

6760 
- 6 6 3 1  
a t 5 5 8  
,6712 
.7032 
.7542 
. i 6 a o  
.40C9 

-.2754 
- 3 5 2 1  
, 4 9 0 3  
, 3 9 4 3  

- a 4 2 8 1  
-.9891 
-.4890 
-.3806 
-e 3 4 3 1  
-.3344 
-.3299 
- e 3 2 1 9  

CP 
Ma = 0.6( 

0.51Bb 
5 8 4 6  

e 6 4 8 2  
- 6 5 7 0  
- 6 1 6 8  
- 5 9 9 1  
- 5 9 5 1  
.6'18 

6 8 6 3  
7 2 3 5  

- 7 7 4 5  . R C l ?  
. e109  
, 7 8 4 8  

67JC 
- 5 5 5 0  
.4"8 
- 2 6 1 3  
.3748 -. OL67 -. 2 3 9 8  -. 3 t C 9  

- e 1 2 6 0  . l t 2 6  
. 2 i 2 c  

* - a 3 3 0 4  
- .3443 -. 3 5 2 4  
- a 3 5 6 1  -. 3 6 0 6  
-.3603 
-.3615 -. 3 4 5 8  
- e 3 2 7 2  -. 3C83 

- 5 9 2 4  
.5848 
.587C . 6092 

b e 3 2  
- 7 2 4 9  
- 5 6 3 6  
.25C8 

-.4118 
- 2 5 2 3  
- 3 6 9 6  

1 5 2 4  
- .S791 

-1 .5234 
-.5995 -. 4 3 0 4  
-.3705 
-.3494 -. 3 4 4 6  -. 3 3 8 3  

Ma = 0.4C 

0.5368 
- 5 3 5 1  
.589C 
.595c 
.56e1 
.544 3 
.5440 
.5803 
a 6 5 2 1  

6 6 6 0  
-7 1 4 5  
.7339 
- 7 2 6 0  
- 6 5 5 8  

.4169 
- 3 6 2 5  

1A09 
- . e t 4 1  -. 1 2 1 7  
- e 3 0 6 6  
- e 4 2 0 8  
-.2419 

C492 
.19c7 

.59e7  

- .3533 
- a 3 7 2 1  -. 3 1 1 4  
-.3850 
-.3@35 
-.38?'7 
- e 3 8 3 5  -. 3 7 7 0  
-.3548 
- a 3 3 1 7  

- 5 5 3 1  
.53@1 
.56?9 
- 5 9 9 1  
- 6 5 3 9  
- 7 4 2 2  
- 6 0 3 4  

1 7 3 0  
-.46C3 

2 246  
, 3 4 0 1  

-.0356 
-1.1996 
-1.5428 

-.9821 
- e 4 8 2 6  
-.3999 
-.3826 
-.3659 
-e 3 t 2 9  

Ma = 0.2( 
~ 

0.5178 
- 5 2 2 1  
- 5 5 1 9  
- 5 8 1 7  

5 4 2 4  
- 5 2 3 7  
.5179 

5 4 2 4  
a 6 5 8 3  

6 7 6 6  
.659C 

b 5 5 2  
- 7 0 7 2  
- 6 4 9 1  

5 3 8 1  
- 4 3 8 0  
- 3 3 0 3  

1 3 8 6  
- a 3 5 0 1  
- . l e 5 3  
-.3538 
-.+-I14 -. 3 1 4 1  
-.3419 

.1998 

- a  3600 

-. 3 8 4 5  
-. 'tl20 
-.4038 
- . i o 5 5  -. 3 7 3 2  
- a 3 9 3 6  -. 3 6 2 9  
- a 3 3 7 6  

5296 
e 5 1 3 7  
e 5 1 9 9  
- 5 7 6 7  
e 6 2 8 7  
- 6 5 6 7  
.5419 
- 1 3 0 6  

-.4934 
e 2 5 9 2  
- 2 8 4 1  

-.2102 
-1.3851 
-1.7799 
-1.6525 

- a 5 1 1 3  
-.3936 
-.3813 
-.3761 
- . )EO7  

- .37ia 
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TABLE II.- RAM-AIR PRESSURE ORIFICE COORDINATES 

AND PRESSURE RATIOS~ 

M, 

0.20 
.30 
.40 
.50 
.60 
.70 
.80 
.85 
.90 
.95 

1.00 
.80 
.60 
.40 
.20 

Orifice 58 

rjrb = 0.505 
x/rb = 0.129 

0.9925 
.9825 
.9704 
.9575 
.9408 
.9174 
.8901 
.8820 
.8774 
.8659 
.8572 
.8996 
.9414 
.9749 
.9911 

Orifice 60 

r/rb = 0.714 
x j rb  = 0.245 

0.9965 
.9945 
.9905 
.9874 
.9828 
.9779 
.9641 
.9609 
.9591 
.9556 
.95 10 
.9667 
.9811 
.9902 
.9965 

Orifice 61 

r/rb = 0.812 
x/rb = 0.322 

0.9978 
.9945 
.9897 
.9852 
,978 1 
.9702 
.9682 
.9618 
.9641 
.9573 
.9564 
.96 10 
.9768 
.9879 
.9969 

~ 

Orifice 62 
x/rb = 0.442 
r j r b  = 0.926 

0.9984 
.9968 
.9923 
.9898 
.9833 
.9753 
.9745 
,9713 
.965 1 
.9674 
.9663 
.9694 
,9823 
.9923 
,9975 

aOrifice 59 was inoperative. 
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Figure 2. - 

s M a  increasing 

Moodecreasing 

0 I I t I I I I I I 1 

0 , l o  ,20 ,30 ,40 SO ,63 ,70 ,80 ,%I l1Oo 
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Typical variation of Reynolds number with free-stream Mach number. 
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Figure 3.-  Typical surface-pressure-coefficient distribution. M, = 0.70. 
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(a) M, = 0.20. 

Figure 4.- Experimental surface pressure distributions about AID attached to base of 
ogive -cylinder forebody. 
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Figure 4. - Continued. 
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(d) M, = 0.50. 

Figure 4. - Continued. 
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Figure 4. - Continued. 
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(f) M, = 0.70. 

Figure 4.- Continued. 
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Figure 4. - Continued. 
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M, 
0 0 . 3 0  
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Figure 5.-  Ram-air pressure distribution around AID attached to 
ogive-cylinder forebody. 
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Figure 6.- AID and burble-fence pressure drag coefficients at various 
free-stream Mach numbers. 
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Figure 7.- Comparison of AID shapes as a function of free-stream 

NASA-Langley, 1972 - 1 L-8188 
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